INTRODUCTION
============

Studies about tracheal bifurcation angle (tracheobronchial angle) measurements mostly involve adults or adults and children together \[[@b1-ceo-2016-00185]-[@b6-ceo-2016-00185]\]. Some researchers used plain chest radiograms, some used helical computed tomography (CT) and some used cadavers for calculations. Almost all of these studies revealed significant variations and discrepancies in the measurements of tracheobronchial angle, tracheal length, right and left main bronchial angles, chest diameters, tracheal and bronchial diameters \[[@b1-ceo-2016-00185]-[@b9-ceo-2016-00185]\]. Accurate knowledge of tracheobronchial anatomy is important in surgical approaches to thoracic cavity and for application of various airway maneuvers in anesthesiology as endotracheal intubation and in bronchoscopic removal of foreign body aspiration. It is reported that 3% of all unintentional deaths among children (\<15 years old) were secondary to aspiration of objects into the respiratory tract and toddlers seem to be the most vulnerable for foreign body aspiration (77% of deaths) \[[@b10-ceo-2016-00185],[@b11-ceo-2016-00185]\]. Some studies about the foreign body aspiration in children under 3 years of age reported that many of the foreign bodies were located in the left main bronchus \[[@b12-ceo-2016-00185]-[@b14-ceo-2016-00185]\]. Some other studies established no significant difference in the location of foreign bodies being either in the left or right bronchi among small children \[[@b7-ceo-2016-00185],[@b15-ceo-2016-00185]\]. We assumed that tracheobronchial angle differences might be an explanation to aspiration site in children but literature about the measurements of tracheobronchial angle in children is limited. Kubota et al. \[[@b16-ceo-2016-00185]\] measured tracheal bifurcation angle on chest radiograms in infants and children between 0--13 years of age and found mean angle value as approximately 80°. They reported that in adults and children not much difference exists in angle values and right bronchial angle (RBA) was always narrower than the left bronchial angle (LBA). There is a standard teaching in the literature that right main bronchus is wider than left bronchus and has a vertical angle with the trachea. However, Adriani and Griggs \[[@b17-ceo-2016-00185]\] reported that children age 3 years and less had tracheal bifurcation angle of approximately 110º and both bronchial angles were equal and 55°. Based on these reports we suggest that bronchial angles and tracheal bifurcation angles (interbronchial angle \[IBA\] and subcarinal angle \[SCA\]) in children might have different values compared to the adults. So, we aim to investigate whether a change exists in the values of RBA, LBA, SCA, and IBA among children of different age groups.

MATERIALS AND METHODS
=====================

Study population
----------------

This study was approved by the Institutional Ethics Committee. Database of the Radiology Department was searched between November 2015 to September 2014 by entering the search terms "patients age 18 and younger, computed tomography, thorax." Exclusion criteria from the study were any disease or lesions in the mediastinum, congenital heart diseases, anatomical abnormalities like rotoscoliosis, vascular anomalies or any previous thoracic surgery that may affect the normal measurement of tracheal bifurcation angles. Sixty-seven boys and 51 girls with total number of 118 patients were included in the study. We divided the patients into three groups according to their ages. First group (group 1) consisted of children between 0--3 years of age (n=37), second group (group 2) consisted of children between the ages of 4 and 10 years (n=35) and the third group (group 3) consisted of children between the ages of 11 and 18 years (n=46). Mean ages (mean±SD) in groups 1, 2, and 3 were 1.12±1.0, 6.9±1.8, and 14.4±1.7 years, respectively.

CT examination and tracheal bifurcation angle measurement
---------------------------------------------------------

Chest CT examinations which were performed with a 16-slice helical CT scanner (Brilliance; Philips Medical Systems, Cleveland, OH, USA) were transferred to a workstation (MxView~exp~; release 4.01, Philips Medical Systems). Parameters of CT scans were as follows: collimation, 1.25×16 mm; pitch, 0.9; matrix, 512×512; tube voltage, 90 kV for patients under 11 years old and 120 kV for patients over 10 years old, tube current changed automatically according to tube modulation system. Slice thickness was 5 mm for transverse images and reconstructed series were obtained. IBA, SCA, RBA, and LBA measurements were performed on reformatted coronal images by two radiologists separately: one with 14-year experience and other with 5-year experience on chest CT, at a window setting wider than a normal mediastinal window setting (window width, 500; window level, --100).

We used a measurement model that has been described in details in the literature for IBA \[[@b1-ceo-2016-00185],[@b2-ceo-2016-00185],[@b8-ceo-2016-00185]\]. Measurement of IBA was done by drawing lines along the central axis of right and left main bronchi over their length and by measuring the angle formed between the intersection of these lines. Measurements of RBA and LBA were done according to the method described in several reports \[[@b5-ceo-2016-00185],[@b9-ceo-2016-00185],[@b16-ceo-2016-00185]\]. A line was drawn through the longitudinal axis of the trachea. The angles between the line that was drawn through the inferior border of right main bronchus and the line that was drawn through the longitudinal axis of the trachea was noted as RBA and for LBA the same was applied to the left bronchi. SCAs were described as the angles measured at the intersection points of the lines drawn along the inferior borders of the right and left main bronchi. Sums of RBA and LBA gave the SCA values.

Statistical analysis
--------------------

Kruskal-Wallis test was performed to compare the differences between the three age groups. Mann-Whitney *U*-test was used for comparison of differences between groups 1 and 2, 1 and 3, 2 and 3. Statistical significance was defined as a *P*-value of less than 0.05. SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used. Intraclass correlation coefficient (ICC) scores with a 95% CI were used to assess the agreement of the CT measurements between observers. Interobserver agreement was categorized as follows: 0--0.20, poor; 0.21--0.40, fair; 0.41--0.60, moderate; 0.61--0.80, substantial; and 0.81--1.00, almost perfect \[[@b18-ceo-2016-00185]\].

RESULTS
=======

We found no relationship between tracheal bifurcation angles (SCA, IBA) and gender (*P*=0.847 for SCA and *P*=0.791 for IBA). Mean SCA and IBA values and comparison of values between three age groups were given in [Table 1](#t1-ceo-2016-00185){ref-type="table"} for both radiologists. There was no statistically significant difference between groups 1 and 2 (*P*=0.580 for SCA and *P*=0.499 for IBA) but there was a significant difference in the measurement of the angles between group 3 and groups 1 and 2 (*P*\<0.01). The measurements of SCA and IBA between radiologist 1 and 2 for each age group did not differ significantly. The tracheal bifurcation angles got wider under the age of 10. Mean values of RBA and LBA for all age groups for both radiologists were also given in [Table 1](#t1-ceo-2016-00185){ref-type="table"}. Interobserver agreement for measurement of each angle was excellent, with an ICC score of 0.87 (95% CI). [Fig. 1](#f1-ceo-2016-00185){ref-type="fig"} shows the measurement of RBA and LBA on a coronal reformatted CT image of a 16-year-old boy, sum of the two gave SCA. [Fig. 2](#f2-ceo-2016-00185){ref-type="fig"} shows the location of IBA and SCA on a coronal reformatted CT image of a 1-year-old boy.

DISCUSSION
==========

In this retrospective study we measured several angles of the tracheobronchial tree in different pediatric age groups. We classified children according to their ages in which the first group counted for infants and toddlers (0--3 years of age), second group counted for preschool and school age (4--10 years of age) and third group counted for pre-teens and teenagers (11--18 years of age). According to results obtained with this classification this retrospective study revealed that tracheal bifurcation angles (RBA, SCA, and IBA) in children under the age of 18 have slight differences in different age groups. But this difference is statistically significant only between children age over 10 years and under 10 years. SCAs and IBAs got wider under the age of 10. Both radiologists measured mean SCA values over 80° and IBA values over 85º for children under 10 years old, but measured mean SCA as 77.1° and 76.8° and IBA as 80.8° and 80° for children of age older than 10 years. RBA measurements were also statistically significant between group 3 and the other two age groups. According to our study RBA and LBA values were smaller in children of age older than 10 years. The values of RBA got even smaller when compared to LBA and this narrowing in RBA was statistically significant between children of age greater than 10 and under 10 years of age ([Table 1](#t1-ceo-2016-00185){ref-type="table"}). Interobserver agreement was excellent and the differences in RBA, SCA and IBA values between group 3 and the other two groups were statistically significant (*P*\<0.01).

As the age increases SCA, IBA, and RBA became narrower. Our finding correlates with the study of Chunder and Guha \[[@b4-ceo-2016-00185]\] in which they reported that SCA gets narrower as the age increases. But their study included both children and adults and they did not classify children according to their age. Kubota et al. \[[@b16-ceo-2016-00185]\] measured the angles in children with different age. They included children between 0--13 years of age and they classified the children into two groups as intubation group and non-intubation group and observed a little difference in RBA and LBA in all ages sum of which makes tracheal bifurcation angle (SCA). Their measurements showed that SCAs ranged between 72° and 87° in non-intubation group and between 81° and 88° in intubation group almost in all ages. These results are similar to ours but they did not mention if any difference was observed between any age group. They also found that RBAs got narrower than the LBAs. In the current study we have found significant difference in the values of SCA, IBA, and RBA between the first two groups including children with 0--10 years of age and the third group with children over 10 years of age. Tahir et al. \[[@b7-ceo-2016-00185]\] found that right main bronchus was steeper in children of age 3 years and younger which was significant compared to children of age over 3 years. They calculated the mean carinal angle that corresponds to SCA in our study, as 71° in children age 3 years and younger and 67° in children age over 3 years which were smaller than our calculations but also showed a decrease by aging as seen in our study. Unlike Tahir et al. \[[@b7-ceo-2016-00185]\] we found that RBAs got narrower as the age increases which correlates with most findings in the literature \[[@b5-ceo-2016-00185],[@b16-ceo-2016-00185],[@b17-ceo-2016-00185]\]. According to this finding we can say that RBA gets much narrower than LBA and approaches to midline by aging. Many studies in literature refer to the fact that tracheal bifurcation angle has a wide range with many different values either in children or adults. As reported in a study done with adults, RBA which is the angle between the long axes of right main bronchus and trachea is smaller than the left main bronchial angle \[[@b5-ceo-2016-00185]\]. We also observed similar results in children over 10 years of age and we think that this finding might be the explanation to the narrowing of tracheal bifurcation angle with age. Tracheobronchial angles in adults were reported to be greater in women than in men \[[@b2-ceo-2016-00185],[@b9-ceo-2016-00185]\]. But we found no relationship between sex and angles in children. Kamel et al. \[[@b6-ceo-2016-00185]\] reported that mean SCA values were 76° in men and 81° in women without any correlation with age. These results are similar to our results which we have calculated in children age over 10 years but we did not classify them according to gender. Chunder and Guha \[[@b4-ceo-2016-00185]\] also found that SCA decreases with age. Their study group also included children and the highest SCA value was 64° and 61° in males and females respectively. Importance of tracheal bifurcation angles is reported to be in relation with pulmonary physiology, thoracic surgery and endotracheal intubation in anesthesiology \[[@b5-ceo-2016-00185]\]. Intubation or bronchoscopic intervention of children or providing medical equipment for airway management in children is different from adults and knowledge of tracheobronchial anatomy is important for clinicians in their thoracic approaches. Kubota et al. \[[@b16-ceo-2016-00185]\] showed in their study that the RBAs were narrower than LBAs and in all their cases endotracheal tubes entered directly into the right main bronchi. Our study also proved this fact. By aging RBA gets narrower and approaches to midline making the right bronchus become almost a continuation of the trachea. In older children and adults this characteristic causes a predilection for foreign body aspiration directly into right main bronchus but in children age 10 years and younger wider SCA, IBA, RBA, and LBA values (RBA and LBA values are observed almost close to each other in this age group) might facilitate the aspiration of foreign body into left main bronchus or both main bronchi equally. Adriani and Griggs \[[@b17-ceo-2016-00185]\] also stated that RBA and LBA in little children are almost equal to each other and that LBA is more obtuse compared to RBA in adults. They reported that it would be interesting to determine the age in children at which the adult relationship of the bronchial angles begin. According to our findings bronchial angles became similar to adults after 10 years of age when RBA became significantly narrow compared to children of age under 10 years. This could be the answer to the question that Adriani and Griggs \[[@b17-ceo-2016-00185]\] wanted to explore.

This study has several limitations. One limitation is that we did not calculate any other variables as tracheal length and width, bronchial lengths, width or volume of thoracic cavity. Second, we did a retrospective study and did not know if any patient had anesthesia during CT examination. In our institute mostly anesthesia is not preferred for CT even though in children of age \<3 years, but if it is needed oral sedative solution as chloral hydrate that is prepared by pediatricians is given to babies with feeding bottle. We don't know if sedation would affect tracheal bifurcation angle measurements. Finally, inspiration level could not be controlled by any means in little children especially under the age of 5. But, as we classified these children mostly into one group (group 1), this limitation applies equally to all children in that group.

According to our results we concluded that tracheal bifurcation angles (SCA and IBA) are wider in children of age 10 years and younger. RBAs get narrower than LBAs as age increases. These findings about RBA and bifurcation angles may contribute to aspiration of foreign body into both bronchi equally or into left main bronchus rather than right in little children and also to the fact how endotracheal tubes accidentally enter into right main bronchus when erroneously pass the carina. However further clinical studies with children who aspirated foreign bodies and with children and adults in whom the endotracheal tubes are placed accidentally in main bronchi should be planned to prove these findings.

HIGHLIGHTS
==========

▪ Subcarinal, interbronchial and right bronchial angles are wider under 10 years of age.

▪ Right bronchial angle gets narrower than left bronchial angle as age increases.

▪ Mean subcarinal angle values are calculated over 80° in children younger than 10 years old.

▪ Mean interbronchial angle values are calculated over 85° in children younger than 10 years old.
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![Measurement of right and left bronchial angles on a coronal reformatted computed tomography image of a 16-year-old boy. Sum of these angles gives subcarinal angle. 2D, 2 dimensional.](ceo-2016-00185f1){#f1-ceo-2016-00185}

![Note the location of subcarinal angle (A) and interbronchial angle (B) on coronal reformatted computed tomography images of a 1-year-old boy.](ceo-2016-00185f2){#f2-ceo-2016-00185}

###### 

Comparison of RBA, LBA, SCA, and IBA values between 3 age groups for each radiologist

  Group          Radiologist 1                                               Radiologist 2                                                                                                                                                                                                                                                                                                             
  -------------- ----------------------------------------------------------- --------------- ---------------------------------------------------------- ---------------------------------------------------------- ------------------------------------------------------------ ----------------------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------
  1 (0--3 yr)    41.3±6.6^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   42.4±7.3        83.7±13^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   87.7±13^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   41.7± 6.9^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   42.7±7.3^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   84.4±12^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   88.1±13^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^
  2 (4--10 yr)   40.2±6.4^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   41.6±5.6        81.8±11^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   85.5±10^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   40±6.5^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^      42.2±5.9^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   82.2±11^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^   86.7±13^[\*](#tfn1-ceo-2016-00185){ref-type="table-fn"}^
  3 (\>10 yr)    36.7±5.9                                                    40.4±5.3        77.1±9.4                                                   80.8±9                                                     35.7±5.5                                                     41.1±5.3                                                    76.8±8.8                                                   80±10

Values are presented as mean±standard deviation.

RBA, right bronchial angle; LBA, left bronchial angle; SCA, subcarinal angle; IBA, interbronchial angle.

*P*\<0.01 compared with group 3.
